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Abstract: The principal-subordinate hierarchical multi-objective programming model of initial 
water rights allocation was developed based on the principle of coordinated and sustainable 
development of different regions and water sectors within a basin. With the precondition of strictly 
controlling maximum emissions rights, initial water rights were allocated between the first and the 
second levels of the hierarchy in order to promote fair and coordinated development across 
different regions of the basin and coordinated and efficient water use across different water sectors, 
realize the maximum comprehensive benefits to the basin, promote the unity of quantity and quality 
of initial water rights allocation, and eliminate water conflict across different regions and water 
sectors. According to interactive decision-making theory, a principal-subordinate hierarchical 
interactive iterative algorithm based on the satisfaction degree was developed and used to solve the 
initial water rights allocation model. A case study verified the validity of the model.     
Key words: initial water rights allocation; principal-subordinate hierarchy; multi-objective 
programming model; satisfaction degree 
 
1 Introduction 
Initial basin water rights allocation mainly refers to a two-level hierarchy. Initial water 
rights allocation to the first level means that water rights are assigned to different 
administrative regions in the basin; initial water rights allocation to the second level means 
that water rights obtained from the first level are allocated to different water sectors in the 
administrative region. Initial water rights allocation is a complicated, multi-area, 
multi-objective and multi-level decision that involves economic, social, ecological and 
political factors. This issue has been researched extensively around the world. According to 
social systems, water resources status, and cultural traditions of specific countries or regions, 
foreign scholars have used the allocation methods of occupancy priority (Gopalakrishnan 
1973), riparian priority (Goldfarb 1988), and condition priority (Teerink and Nakashima 1993), 
and conventional methods (Mather 1984), which have their respective historic rationalities, to 
allocate the initial water rights based on the legislation and the process simulation. Howe et al. 
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(1986) used the principles of flexibility, safety, foreseeability, and political and public 
acceptability to allocate initial water rights. Tracy (1991) established a water rights 
management model of surface water and groundwater for drought periods. She asserted that 
when there was a hydraulic connection between surface water and groundwater, the effective 
water division amount from each well in the basin could be determined with an integrated 
surface water-groundwater flow model. Thurin et al. (1994) established the PROSIM model to 
describe and simulate the Weber River Basin with relevant weather, water temperature, land 
application and system data. The model can continuously calculate the total available water 
amount of a river system and allocate water amount based on priority orders. Kelman and 
Kelman (2002) discussed the law of the jungle, linear rationing, the time rule, economic 
benefits, and several other allocation systems, and put forward an allocation model based on 
the opportunity cost of different water consumers. Domestic scholars have systematically 
designed a set of initial water rights allocation index systems and established a multi-level, 
semi-structural and multi-objective fuzzy optimization model (Wu and Ge 2005; Tong et al. 
2007) to allocate initial water rights to the first level of the hierarchy. Based on the priority 
orders and objectives of water sectors, domestic scholars have established a goal programming 
model (Ge and Wu 2005; Zhou and Ji 2007) to allocate initial water rights to the second level 
of the hierarchy. The interactive water rights initial allocation method based on 
harmoniousness judgment was established by Wu and Ge (2006) to ensure harmonious 
allocation of initial water rights. Water rights quality and quantity requirements were discussed 
by Meng et al. (2008), who argued that the total emissions rights must be stated clearly and 
specifically during the process of initial water rights allocation, and that initial water rights 
allocation principles, index systems and mechanisms should be analyzed comprehensively, 
based on water rights, emissions rights and forest rights. 
China is paying more attention to basin ecological environments, sustainable 
development and the construction of harmonious social systems. Throughout the process of 
initial water rights allocation in the basin, under the premises of basin environmental 
protection and strict control of maximum emissions rights, fair and efficient water use in 
different regions should be ensured for the sustainable development of the economy and 
society, and the coordinated development of different water sectors should be ensured to 
realize the optimal comprehensive economic, social and ecological benefits to the basin. This 
will promote the construction of a harmonious society. Because initial water rights allocation 
to the second level of the hierarchy is restricted by initial water rights allocation to the first 
level, the initial water rights allocation process is a principal-subordinate hierarchical one, 
forming a system with one leader and multiple followers. Therefore, a principal-subordinate 
hierarchical multi-objective programming model was established to allocate initial water rights 
to the first and second levels synchronously. It was developed on the basis of total initial water 
rights in the basin, with the preconditions of strictly controlling permitted maximum emissions 
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rights and restricting each region’s water demand, and based on principles of fair, efficient and 
coordinate water use. It adheres to domestic, ecological and production priority orders of 
water sectors, regards the optimal comprehensive economic, social and ecological benefits to 
the basin as planning objectives of the first level of the hierarchy, and regards the coordinated 
development of different water sectors as planning objectives of the second level. 
2 Initial water rights allocation model 
Initial water rights allocation to the first level is associated with social and economic 
development and industrial structures in different regions. The optimal comprehensive 
economic, social and ecological benefits depend on the economic development and social 
structure of each region; meanwhile, regional initial water rights allocated to domestic, 
ecological and production water sectors are restrained by initial water rights allocation to 
different regions, and the fair and coordinated development of different water sectors depends 
on water rights obtained from the first level. The initial water rights allocation can realize the 
coordinated and sustainable development of the whole basin’s economy and society through 
the interactive influence of initial water rights allocation between the first and second levels of 
the hierarchy. 
According to the definition of basin water rights allocation, a principal-subordinate 
hierarchical multi-objective programming model with one leader at the first level of the 
hierarchy and multiple followers at the second level is described below. 
2.1 Objective function of first level of hierarchy 
The objective function of the first level of the hierarchy can be expressed as 
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where  F W  is the objective function of the first level of the hierarchy, which includes three 
sub-goals: economic benefit  1F W , social benefit  2F W , and ecological benefit  3F W ;  1i if W  is the economic benefit of the ith region;  2i if W  is the social benefit of the ith 
region, which can be determined by the water rights quota of the ith region;  3i if W  is the 
ecological benefit of the ith region, which can be determined with the water rights quotas of 
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different water sectors in the ith region; n is the number of regions in the basin; 
 is the water rights quota of the ith region; , , , , and  are 
the water rights quotas for domestic use, ecological needs, agriculture, industry, and tertiary 
industry, respectively, in the ith region; , , and  are the agricultural, industrial, and 
tertiary industrial added values per cubic meter of water in the ith region, respectively;  is 
the water demand of the ith region, which can be determined with the methods of quantitative 
prediction and expert consultation based on water consumption of different water sectors in 
the ith region; 
iW ( 1,2, , i 1iW 2iW 3iW 4iW 5iW
1ia 2ia 3ia
*
iW
*
i iW W  is the satisfaction degree of water rights allocation in the ith region; 
 is the concentration of major pollutants in sewage discharge from the jth water sector in 
the ith region; and  is the coefficient of sewage discharge from the jth water sector in the 
ith region. 
ijd
ijp
The constraint conditions of the first level of the hierarchy are as follows: 
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where  is the initial water rights in the basin, 0W 0P  is the permitted maximum emissions 
rights in the basin, and 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C  means that the fair and coordinated degree 
of initial water rights allocation in the basin must satisfy coordination criterion  to prevent 
a large water resources gap between different regions based on the barrel principle. The 
criterion  is influenced by comprehensive social, economic and ecological factors, such as 
the population, cultivated area, GDP, and green area of different regions, and can be 
determined by decision makers based on expert consultation. Generally, . The 
parameters 
0C
0C
0 0.85C t
0
iW
W
 and '
0
iW
W
 are the water rights percentages of the ith region and the iƍth region, 
respectively. The variable D  is a parameter, where 0.5 1.5Dd d . The value of D  can be 
determined with the method of expert consultation, taking into account social and economic 
conditions of different regions. Generally, 1D  . The parameters iZ  and iZ c  are the 
comprehensive domestic, ecological and production characteristic indices for the ith region 
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weight of the jth index of the ith region, and  is the dimensionless value of .  is the 
current water consumption of the ith region;  is the water resources per capita in the ith 
region;  is the water resources per unit cultivated area in the ith region;  is the 
population of the ith region;  is the domestic water productivity of the ith region;  is 
the green area of the ith region;  is the wetland cover of the ith region;  is the 
standard-reaching rate of sewage discharge of the ith region;  is the sewage treatment rate 
of the ith region;  is the irrigated area of the ith region;  is the ratio of agricultural 
added value of the ith region to total agricultural added value;  is the agricultural added 
value per capita in the ith region;  is the water consumption per agricultural added value in 
the ith region;  is agricultural water productivity of the ith region;  is the ratio of 
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industrial added value of the ith region to total industrial added value;  is the industrial 
added value per capita in the ith region;  is the water consumption per industrial added 
value in the ith region;  is the industrial water productivity of the ith region;  is the 
ratio of tertiary industrial added value of the ith region to total tertiary industrial added value; 
 is the tertiary industrial added value per capita in the ith region,  is the water 
consumption per tertiary industrial added value in the ith region;  is the tertiary industrial 
water productivity of the ith region; ,  and  are the cost indices, whose corresponding 
dimensionless values are  
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and other variables are benefit indices, whose corresponding dimensionless values are 
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2.2 Goal programming model of second level of hierarchy 
After water rights in the ith region are obtained from the first level of the hierarchy, the 
water rights are allocated to different water sectors in the ith region with priority orders, in 
order to promote the fair and coordinated development of different water sectors in the ith 
region, prevent vicious competition for ecological, agricultural and industrial water supply, 
and ensure social stability and grain security. The priority orders are as follows: domestic 
water demand and ecological water demand are satisfied first, followed by agricultural water 
demand, and industrial and tertiary industrial water demand. Because of the influences of 
many uncertain factors in the process of economic development, the development objectives 
of different water sectors cannot be measured exactly. Therefore, based on the theory of 
multi-objective decisions, a goal programming model of the second level of the hierarchy is 
established. The objective function and constraint conditions of the second level can be 
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where if  is the objective function of the second level of the ith region,  1,2, ,6iP i    is the 
ith priority,  and 1id

1id

 are the negative and positive deviations of domestic water demand of 
the ith region, respectively, 2id

 and  are the negative and positive deviations of ecological 
water demand of the ith region, respectively, 
2id

3id

 and 3id

 are the negative and positive 
deviations of agricultural added value of the ith region, respectively, 4id

 and  are the 
negative and positive deviation of industrial added value of the ith region, respectively,  
and  are the negative and positive deviations of the ratio of agricultural added value to 
industrial added value in the ith region, respectively, 
4id

5id

5id

6id

 and 6id

 are the negative and positive 
deviations of tertiary industrial added value in the ith region, respectively,  is the domestic 
water demand of the ith region,  is the ecological water demand of the ith region, 
iL
iE iP is the 
required agricultural added value of the ith region, iI  is the required industrial added value of 
the ith region,  is the required tertiary industrial added value of the ith region, and iS iH  is the 
ratio of agricultural added value to industrial added value in the ith region. 
The principal-subordinate hierarchical multi-objective programming model of initial water 
rights allocation can be developed by coupling the objective functions of the first and second 
levels of the hierarchy. 
3 Principal-subordinate hierarchical interactive decision-making  
algorithm based on satisfaction degree 
3.1 Principal-subordinate hierarchical interactive decision mechanism 
The comprehensive economic, social and ecological benefits to the basin are restricted by 
the water rights quotas of the first and second levels of the hierarchy. In order to realize the 
optimal comprehensive benefits, cooperative optimization of the two water rights quotas is 
necessary. The decision mechanism of initial water rights allocation is as follows: 
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(1) The three objectives of the first level include economic benefit, social benefit, and 
ecological benefit. The six objectives of the second level include satisfaction of water demand 
for domestic use, ecological needs, irrigation guaranteeing total grain production, agricultural 
added value, industrial added value, and tertiary industrial added value. The decision process 
is from top to bottom; that is, a decision is firstly made in the first level to determine , then 
another decision is made in the second level to determine , and the comprehensive benefit 
is finally determined with the values of  and . 
iW
ijW
iW ijW
(2) In order to obtain the optimal value of the objective function  F W  of the first level, 
the interrelated regions must exchange information; that is, objectives of the second level 
should be satisfied in such a way that allows for the satisfaction of objectives of the first level. 
In the end, the solution of the two-level programming problem should attain the optimal 
comprehensive benefit to the first level. Meanwhile, the solution can promote the coordinated 
development of different water sectors of the second level. 
(3) The objective function  F W  of the first level is influenced by the values of  and 
. Therefore, the optimal solution of the two-level multi-objective programming problem 
cannot be obtained directly, but should be determined by gradually adjusting and correcting 
the values of  and  with interactive iterations between the first and second levels. 
iW
ijW
iW ijW
For years, many scholars have been dedicated to looking for an effective method of 
solving the two-level multi-objective programming problem. The principal-subordinate 
hierarchical interactive iterative algorithm based on the satisfaction degree, which is 
established based on interactive decision theory, can be used to solve the principal-subordinate 
hierarchical multi-objective programming model of initial water rights allocation. 
3.2 Principal-subordinate hierarchical interactive iterative algorithm 
based on satisfaction degree 
Principal-subordinate hierarchical programming is a kind of hierarchical decision-making 
system optimization problem in which there are many decision makers. The decision makers 
of the first level of the hierarchy can exercise the right of control and guide the decision 
makers of the second level. The principal-subordinate hierarchical programming model is a 
complicated optimization model. Both the first level and the second level programming 
problems have objective functions and constraint conditions. The objective function and 
constraint conditions of the first level are related to the decision variables of the first level and 
the optimal solution of the second level. The optimal solution of the second level is also 
influenced by the decision variables of the first level. There are many methods of solving such 
programming problems. They can be divided into the following categories (Wang et al. 2007): 
the polar search method, the descent method, the heuristics algorithm, the intelligent algorithm, 
and the inner-point method. The interactive decision-making method is one of the polar search 
methods, and it requires the continuous participation of decision makers. The analyst inputs 
 Dan WU et al. Water Science and Engineering, Jun. 2009, Vol. 2, No. 2, 105-116 112 
preferences and trends of decision makers into the model to work out a best decision-making 
solution. Therefore, due to the principal-subordinate hierarchical interactive decision 
mechanism, the principal-subordinate hierarchical interactive iterative algorithm based on the 
satisfaction degree can be used to solve the initial water rights allocation model through a 
multi-round interactive iterative process. The steps of the principal-subordinate hierarchical 
interactive iterative algorithm based on the satisfaction degree are as follows: 
Step 1: The value of k is set as 1. 
Step 2: According to the constraint conditions of the first level, an initial value  is 
stochastically selected for  of the first level. 
k
iW
iW
Step 3:  is substituted into the goal programming model of the second level, and an 
initial value  is obtained for  of the second level. 
k
iW
k
ijW ijW
Step 4:  and  are substituted into the constraint conditions of the first level. If the 
constraint conditions are satisfied, then  and  are the initial solutions of the two-level 
multi-objective programming. They are substituted into the objective function of the first level. 
Then, the comprehensive economic, social and ecological benefits are obtained and the 
process proceeds to Step 5. If the constraint conditions are not satisfied, the process proceeds 
to Step 2. 
k
iW
k
ijW
k
iW
k
ijW
Step 5: According to the values of  1F W ,  2F W , and  3F W  of the first level, and the 
expected objective value  max iF W  and permitted minimum objective value  min iF W  
determined by basin institutions, the single objective satisfaction degree function can be 
formulated as follows: 
         
min
max min
P  
i i
k i
i i
F W F W
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where   Pk iF W  is the single objective satisfaction degree function of the kth iteration. The 
economic objective function and social objective function are the benefit-type objective 
functions, and their objective satisfaction degrees can be calculated with Eq. (7). The 
ecological objective function is the cost-type objective function, and its objective satisfaction 
degree can be calculated with Eq. (8).  
According to the single objective satisfaction degree function, the comprehensive 
economic, social and ecological benefit satisfaction degree function can be expressed as  
           1 1 2 2 3 3k k k kF W w F W w F W w F WP P P Pc                (9) 
where   k F WP c  is the comprehensive economic, social and ecological benefit satisfaction 
degree function of the kth iteration, and , , and  are the weights of the economic, 
social, and ecological objective satisfaction degree functions, respectively, which influence the 
1w 2w 3w
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sustainable development of the basin’s economy and society. We can let 1 2 3
1
3
w w w   . 
If the constraint conditions, 
        1 1 2 2 3,     ,     3P D P D P Dt tk k kF W F W F W t            (10) 
are satisfied, where 1D , 2D  and 3D  are the minimum constraints of the economic objective 
satisfaction degree   1k F WP , social objective satisfaction degree   2k F WP , and 
ecological objective satisfaction degree   3k F WP , respectively, which can be determined 
by basin institutions with the expert consultation method, and where, generally, 
 0.5 1,2,3i iD t  , then the process proceeds to Step 6. If Eq. (7) is not satisfied, the process 
proceeds to Step 7. 
Step 6: Basin institutions evaluate the comprehensive benefit satisfaction degree 
  k F WP c  of the kth iteration. If it is satisfied, the process of decision-making is over, and 
the solution is the final solution of the two-level programming model. Otherwise, k is set as 
, the constraint condition of 1k       1k kF W F WP P c ct  is added to the constraint 
conditions of the first level, and the process proceeds to Step 7. 
Step 7: The value  for  of the first level and the value  for  of the second 
level are iteratively adjusted from bottom to top and reallocated from top to bottom with the 
expert consultation method. That is, the six objective function values of the second level are 
subdivided into the three following objective subsets: an objective that can be properly 
improved, an objective that should remain invariant, and an objective that can be properly 
decreased. The adaptability of the six objective function values of the second level is adjusted 
and the increased or decreased amount  for the value  is analyzed. Then, the increased 
k
iW iW
k
ijW ijW
k
ijW' kijW
or decreased amount  for the value  is analyzed. Finally, the value  is 
adjusted, the value  is re-determinated according to the objective programming model of 
the second level, and the process returns to Step 5. 
5
1
k
i
j
W
 
'  '¦ kijW kiW kiW
k
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4 Analysis of example 
There are five regions in the Dalinghe River Basin of Liaoning Province: Jinzhou, Fuxin, 
Chaoyang, Panjin and Huludao. The total amount of water resources are 1.56×109 m3 through 
the planning year 2030. After 1.12×108 m3 of water have been used for the ecological water 
supply of the inner river and 4×107 m3 of water for governmental reserved water, the 
remaining water for allocation to the two levels is 1.4×109 m3. The socio-economic 
development indices of the two levels of the hierarchy in the planning year 2030 are shown in 
Table 1. The water demand quotas for domestic use, industry, tertiary industry and agriculture 
in the planning year 2030 are shown in Table 2. 
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Table 1 Socio-economic development indices of two levels of hierarchy in planning year 2030 
Population (104) 
Farmland 
irrigation 
area (km2) 
Added value (104 yuan) 
Region
Town Country M1 M2
Cultivated
area (km2)
Green area 
(10-2 km2) 
Agriculture Industry Tertiary industry 
GDP 
(104 yuan) 
Jinzhou  22.1  39.20  392.0  26  883.3   214.3 388 946 1 751 438  916 062 3 139 384 
Fuxin  94.5 5.50  164.7   2  642.0   834.9  38 837 1 868 173 3 885 790 6 069 655 
Chaoyang 117.7 140.20 1 062.0 122 3 155.3 1 058.9 348 849 2 592 169  4 94 043 8 039 844 
Panjin   0.1   0.45   0   0 3.3    0.8  9 324 10 703        0    20 027 
Huludao   7.6  20.60    59.3  10   278.7   69.9 14 145   93 098   422 132   534 138 
Note: M1 is the effective irrigation area, and M2 is the forest and grass irrigation area. 
Table 2 Water demand quotas for domestic use, industry, tertiary industry and agriculture  
               in planning year 2030                             104 m3
Region A1 A2 BB1 BB2 C D1 D2 D3 E1 E2 E3 F1 F2 F3
Jinzhou 112 78 47 26 26 
Fuxin 138 78 77 45 3 
Chaoyang 121 78 81 44 2 
Panjin 105 78 0 34 0 
Huludao 105 78 107 51 2 
393 431 468 70 115 164 171 230 304 
Note: A1 is the domestic water demand quota for towns, A2 is the domestic water demand quota for countries, B1 is the water 
demand quota of added value of high water demand industry, B2 is the water demand quota of added value of general water 
demand industry, C is the water demand quota of tertiary industrial added value, D1, D2, and D3 are, respectively, the water 
demand quotas of paddy field irrigation, irrigated land irrigation, and vegetable field for agricultural guarantee rate 50%, E1, 
E2, and E3 are, respectively, the water demand quotas of paddy field irrigation, irrigated land irrigation, and vegetable field 
for agricultural guarantee rate 75%, F1, F2, and F3 are, respectively, the water demand quotas of paddy field irrigation, 
irrigated land irrigation, and vegetable field for agricultural guarantee rate 90%.  
Table 1 shows a single economic structure in the Panjin region that depends on fishing, 
has a lesser population density, and mainly has a large rural population. According to the 
related data in Table 1 and Table 2, and based on water-saving and anti-fouling social systems 
as well as comprehensive planning objectives for socio-economic development, the water 
demand of the two levels of the hierarchy in the planning year 2030 is obtained with 
quantitative prediction and expert consultation (Table 3). 
              Table 3 Water demand of two levels of hierarchy in planning year 2030           104 m3
Domestic water 
demand Agricultural water demand Region 
Town Country
Ecological 
water 
demand 50% 75% 90% 
Industrial 
water 
demand 
Tertiary 
industrial water 
demand 
Jinzhou 1 123 1 183  267 19 953 24 638 29 658  5 394  863 
Fuxin 5 516  884  997  7 231  9 757 11 273 12 302 1 281 
Chaoyang 6 120 3 490 1 225 29 525 38 841 54 123 16 623 1 660 
Panjin    4   12    1 15 149 15 149 15 149    39    0 
Huludao  369  589 461  3 215  3 852  4 752   653   211 
Note: Data with “%” are the agricultural guarantee rates. 
According to the related data in Tables 1 through 3 and the basin’s regulation 
requirements for comprehensive socio-economic development, the minimum value and 
expected value of the GDP in the basin are 168.4×109 yuan and 180×109 yuan, respectively. 
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The minimum value and expected value of the coordinated degree of initial water rights 
allocation are 0.85 and 1, respectively. Because it is difficult to obtain sewage discharge 
parameters of different industries in different regions in the basin, and the water environmental 
carrying capacity in the basin can support a sewage discharge of different industries in 
different regions in the basin with 1.12×109 m3 of water resources reserved for ecological 
water supply for the inner river, the basin environmental benefit satisfaction degree of the 
inner river is 1. According to the principal-subordinate hierarchical multi-objective 
programming model of initial water rights allocation, and the principal-subordinate 
hierarchical interactive iterative algorithm based on the satisfaction degree, the water rights 
quotas of the two levels of the hierarchy in the planning year 2030 are obtained after 239 
iterations (Table 4). 
        Table 4 Water right quotas of two levels of hierarchy in planning year 2030      104 m3
Domestic water rights quota 
Region 
Town Country 
Ecological 
water rights 
quota 
Agricultural 
water rights 
quota 
Industrial 
water rights 
quota 
Tertiary industrial 
water rights quota 
Jinzhou 1 162 1 084  154 25 574  4 729  400 
Fuxin 5 797  159  781  8 812  9 585 1 515 
Chaoyang 6 437 4 142 1 043 37 780 14 812 1 449 
Panjin    0   13    1  9 001    27    0 
Huludao  356  525   91  4 030   422  119 
According to the results in Table 4, the calculated fair and coordinated degree sharing of 
basin water resources is 0.984, satisfying the coordination criterion ; the GDP in the 
basin is 180×10
0 0.85C t
9 yuan, meaning that the economic benefit satisfaction degree in the basin is 1; 
the coordinated degree of initial water rights allocation is 0.984, meaning that the social 
benefit satisfaction degree in the basin is 0.984; the ecological benefit satisfaction degree in 
the basin is 1; and, therefore, the comprehensive benefit satisfaction degree in the basin is 
0.995. These results show that the principal-subordinate hierarchical multi-objective 
programming model of initial water rights allocation is applicable, and that the 
principal-subordinate hierarchical interactive iterative algorithm based on the satisfaction 
degree is feasible. 
5 Conclusions 
Initial water rights for the two levels of the hierarchy were allocated based on the 
developed principal-subordinate hierarchical multi-objective programming model. The initial 
water rights allocation strictly controls basin maximum emissions rights, promotes the unity of 
quantity and quality of initial water rights allocation, realizes fair and coordinated 
development across different regions and coordinated and efficient water use across different 
water sectors in each region, eliminates water conflict between regions and water sectors, and 
obtains the optimal comprehensive benefit to the economy, society and ecology of the basin. 
According to interactive decision theory, the principal-subordinate hierarchical interactive 
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iterative algorithm based on the satisfaction degree was developed and used to solve the initial 
water rights allocation model through a multi-round interactive iterative process. The results of 
a case study show that the principal-subordinate hierarchical multi-objective programming 
model is effective and applicable to initial water rights allocation, and that the 
principal-subordinate hierarchical interactive iterative algorithm based on the satisfaction 
degree can be used to solve the principal-subordinate hierarchical multi-objective 
programming model. 
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